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STRUCTURAL MEMBERS 


BEAMS - a horizontal structural element that y 
withstand vertical loads, shear forces and bending 
moments. It transfers loads from slabs to columns. 


COLUMNS - a vertical structural member that carry 
loads mainly in compression. It transfers vertical 
loads from roof slab/beam, to next floor or Y A 
foundation. a ay — Beam 
SLABS - constructed to create flat and useful aa 
surfaces such as floors, roofs, and ceilings. They 
are supported by beams, columns or walls. The 
depth of a concrete slab floor is very small 
compared to its span. 

FOOTINGS - Footings are structural elements that Foundetion 


transmit load of entire superstructure to the Typical RC Frame Building 
underlying soil below the structure. 





Column 


— Slab 
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FLEXURAL BEHAVIOUR 


e Flexure or Bending occurs in structural elements such as beams/slabs, subjected to 
loads acting transverse (i.e., perpendicular) to the axis/plane of the element. 

¢ Concrete is very weak in tension, but strong in compression. Hence in a structural 
member subjected to flexure, steel bars are embedded in the tension zone of 
concrete due to the incapacity of concrete to resist tensile stress. 

¢ Flexural members develop both tensile stress and compressive stress in the cross 
section, on either sides of the neutral axis. 
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EULER-BERNOULLI ASSUMPTION 
IN BEAM TH EORY (for Strain Distribution) 


e “Plane cross-sections (taken normal to the longitudinal axis of the beam) remain 
plane even after the beam bends”. 





Strain Distribution 
Diagram 


¢ For initially straight members, the assumption implies that the distribution of normal 


strains across the beam cross-section is linear. That is, the normal strain at any 
points in the beam section Is proportional to its distance from the neutral axis. 
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CLASSICAL FLEXURE FORMULA 


(for Stress distribution) 











- From the Theory of Bending, it can be deduced that: Le 6h 
Mo _ E L _ =| 
I y R 


M= bending moment M C |__| SM 


I = moment of inertia of the section about the bending axis. 


o = fibre stress at a distance‘y from the centroidal/neutral axis. 

=a Young’s Modulus of the material of the beam. 
= radius of curvature of the bent beam. Modulus of Rupture (f,,) is the 
theoretical maximum flexural tensile 


stress reached in the extreme tension 
. . fibre of a beam at which the concrete 
Neutral _Sesosobonntig —— cracks for the first time. The 
corresponding value of bending moment 
Axis gy Region where stress is at that section is known as Moment at 
tensile first crack or Cracking moment (M,,). 
I 


Stress distribution M,, = ym -— 
Diagram 
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Note that, the stress distribution diagram of 
concrete beam is linear only when the stress 
is within the linearly elastic region!! 


When stress goes beyond linearly elastic 
limit, the stress distribution turns parabolic.... 


But, as already discussed previously, 
irrespective of magnitude/stage of loading, 
the strain distribution is always linear!!! 
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lf a reinforced concrete section is subjected to gradually increasing load, it 
shall go through three distinct stages before complete failure. 


Failure occurs 


by crushing of 
[ concrete here . 


Failure by crushing of concrete 
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Moment-Curvature Relationship for Reinforced Concrete Beam with Steel bars on Tension side only 


This phase is the Limit State of 


Summarized as follows... 


Collapse in Flexure and shall be 


analyzed.... 


1. Uncracked Phase 2. Linearly Elastic Cracked 3. Non-linear Cracked 
Phase Phase 


Applied moment at 
section is < M,, 


any Applied moment at any section 
is >M,, 


stress Maximum tensile stress 
developed in concrete is > f,, , 
but within linearly elastic region. 


Maximum _ tensile 
developed in concrete is < f,, 


Entire section is effective in Since cracks are initiated at the 
resisting the moment extreme tension fibres, concrete 
on the tension side is ignored 
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Applied moment at any section 
is >> M,, 


Maximum tensile stress 
developed in concrete is >> f,, , 
and stress in non-linear range. 


Since cracks are initiated at the 
extreme tension fibres, concrete 
on the tension side is ignored 


This phase depends on whether 
the steel reinforcement may or 
maynot yield before the final 


crushing of concrete 
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